Inula helenium (Compositae) is a widely occurring perennial herb in Europe and East Asia. Its roots have been traditionally used as a diaphoresis and a diuretic expectorant agent in Europe, as a fragrance agent for home medicines in Japan, 1) and as agents of tuberculotic enterorrhea, chronic enterogastritis and bronchitis and a preservative in China.
Native Americans used infusion and decoctions of this roots to treat lung disorders and against tuberculosis.
3) The investigation of the genus Inula has shown the sesquiterpene lactone and essential oil groups, [4] [5] [6] and some phenolic acids and flavonoids were evaluated as other constituents of this genus. 7, 8) Many sesquiterpenes were isolated from Inula helenium. [9] [10] [11] The principal ingredient, alantolactone has strong anthelmintic and antibacterial activities. 9) As part of our screening for antiproliferative constituents in natural resources, we examined the roots of I. helenium grown in Tibet. The MeOH extract of the roots of this plant showed antiproliferative activities against three tumor cell lines: human gastric adenocarcinoma cells (MK-1), human uterus carcinoma (HeLa) and mouse melanoma (B16F10) cells.
The MeOH extract was partitioned with n-hexane, CHCl 3 , EtOAc, and then n-BuOH. The n-hexane fraction showed strong antiproliferative activity against MK-1, HeLa and B16F10 cells, while the EtOAc and n-BuOH fractions had very low activity as shown in Fig. 1 . The n-hexane fraction was fractionated in the manner described in the Materials and Methods section, and seven sesquiterpenes were isolated. The antiproliferative activities of the fractions and seven isolated compounds against MK-1, HeLa, and B16F10 cell lines will be discussed. Determination of Antiproliferative Activity Inhibition of the cellular growth was estimated using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay described by Mosmann. 12) The detailed procedure is shown in the previous paper.
MATERIALS AND METHODS

Material
13)
Extraction and Isolation The dried roots (1.5 kg) of Inula helenium grown in Tibet were extracted with MeOH at room temperature for 2 weeks. The MeOH extract was then filtered and evaporated under reduced pressure to obtain a viscous mass (555.1 g). This material was suspended with H 2 O and partitioned with n-hexane, CHCl 3 , EtOAc and nBuOH to give each organic fraction, respectively. The antiproliferative activities (GI 50 mg/ml) of these organic fractions are shown in Fig. 1 . The H 2 O fraction exhibited no activity.
The n-hexane fraction (142 g) was subjected to column chromatography on silica gel (800 g) to give 7 fractions using an increasing polarity solvent system (n-hexane-EtOAc gradient and MeOH) as follows: fraction 1 (fr. 1, 44.2 g), fr. 2 (34.5 g), fr. 3 (25.4 g), fr. 4 (7.9 g), fr. 5 (2.4 g), fr. 6 (2.7 g), fr. 7 (15.9 g). The NOE experiment suggested that the H-8 and H-7 were cis conformation and C-15 methyl group was oriented at b. This confirmed that the structure of 2 was 5a-epoxyalantolactone.
9) The 1 H-1 H shift correlation spectroscopy ( 1 H-1 H COSY) experiment enabled spectral assignment and identification of the rough structure of 3. Compound 3 was assigned as 4b,5a-epoxy-1(10),11(13)-germacradiene-8,12-olide 16) by HMBC and NOE experiments. This is the first time 1-3 has been isolated from I. helenium. Compounds 4-7 were identified as alantolactone, [17] [18] [19] [20] [21] isoalantolactone, 20, 21) 11a,13-dihydroalantolactone, 22, 23) and 11a,13-dihydroisoalantolactone 9, [17] [18] [19] by comparison of their spectral data with those reported in the literature, respectively.
The MeOH extract of the root of Inula helenium was partitioned with n-hexane, CHCl 3 , EtOAc and then n-BuOH. Activity-guided fractionation of MeOH extract led to the isolation of seven sesquiterpenes, 1-7 from the n-hexane fraction. The antiproliferative activity of each fraction and isolate against three tumor cell lines, MK-1, HeLa and B16F10 was determined by MTT assay, 12) and their 50% growth inhibition (GI 50 , mg/ml) values are listed in Fig. 1 and Table 1 .
The n-hexane fraction showed strong antiproliferative activity against MK-1, HeLa and B16F10 cells followed by CHCl 3 , while the EtOAc and n-BuOH fraction had a very low activity (Fig. 1) . The water fraction did not show the antiproliferative activity for any cell lines. This suggests that the aliphatic compounds exhibited the antiproliferative activity.
The antiproliferative activities of compounds 2 and 4 were stronger than those of other sesquiterpenes (1, 3, 5-7) . The activity against MK-1 and B16F10 of 1 exhibited almost the same potency as 2 and 4, but that of 1 against HeLa cells showed about half those of 2 and 4. The GI 50 values of compounds 3 and 5 against the three cell lines are larger than those of 1, 2 and 4. The 11,13-dihydro compounds, 6 and 7 were inactive (Ͼ427 mM) except for the activity (GI 50 values: 44 mM) of 7 against B16F10. Compounds 1-5 which possessed the lactone of 11,13-dehydro type in the molecules exhibited the strong activities against the three cell lines. These results suggest that the 11,13-dehydro lactone moiety of these sequiterpenes contributed to the antiproliferative activity.
